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Abstract 
There are characteristics of truck movements in the commercial districts with a high concentration of stores. Our 
analysis on the characteristics of the 13 commercial districts in Tokyo, suggests that there can be large differences in 
the number of truck deliveries to a commercial district, and the difference is strongly related to the retail segment of 
stores and the characteristic of the district they locate. And it also suggests that the truck deliveries to a commercial 
district and the potential reduction by considering only the characteristics of each retail segment are possibly 
overestimated. And the biggest difference of the ratio of potential reduction is 24.0%, among the 13 commercial 
districts. 
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1. Introduction 
In recent years, much progress has been made to improve the efficiency of merchandise deliveries to 
retail stores. Some of the measures taken to improve efficiency include the consolidation of shipments, 
 
*
 Corresponding author. Tel.: +81-297-640001; fax: +81-297-640011. 
E-mail address: yano˜rku.ac.jp 
Available online at www.sciencedirect.com
 2012 Published by Elsevi r Ltd. Selection and/or peer-review under responsibility f 7th International 
Conference on ity Logistics Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
846   Hiroyuki Akiyama and Yuji Yano  /  Procedia - Social and Behavioral Sciences  39 ( 2012 )  845 – 857 
delivery of merchandise from multiple vendors in a single shipment, rationalization of merchandise 
deliveries, and the use of larger trucks. These methods are generally employed by individual companies, 
or by individual commercial facilities (malls, “fashion buildings”, etc). They not only can reduce 
distribution costs, but also have a positive impact on the environment by reducing greenhouse gas 
emissions. Cuts in the number of truck deliveries can also help reduce traffic congestion in major urban 
areas. These effects are particularly pronounced in the case of commercial districts with a high 
concentration of stores. 
However, there are major differences in the number of truck deliveries required depending on the type 
of retail store, and the type of merchandise they sell. Therefore, there are differences in the ability of retail 
districts to reduce truck deliveries, which are directly related to the types of stores that operate in the 
district and the merchandise they sell. 
In this paper, we will examine the current number of truck deliveries to commercial districts that 
include large-scale retail stores, with sales floor space above 1,000m2, and analyze differences between 
retail districts which might be related to the type of stores they contain. The objective of this analysis is to 
determine how great a difference can be expected in the potential to reduce truck deliveries. 
2. Results and analysis of  past studies, and key issues addressed in this study 
Akiyama and Yano (2009) gathered data from 806 stores in the Tokyo metropolitan area, and selected 
749 stores from this group which were able to supply detailed data on truck deliveries to and from the 
store. The data was then categorized according to the retail segment (type of store), and the average 
number of deliveries per unit of floor space was calculated for each example. This data was used to 
determine the potential for reducing truck deliveries in each retail segment, across the entire Tokyo 
metropolitan area. Estimates of the potential to reduce truck deliveries, broken down according to retail 
segment, are presented in Table 1, below. Calculations indicate that, if one were to address only those 
stores where the number of deliveries per unit of floor space is more than one standard deviation above 
the average for their sector, reducing the number of deliveries to a level matching the sector average 
would cut total truck deliveries by 2,731 per day. This would be a very significant change, equivalent to 
around 5.5% of total of truck deliveries to large retail stores in Tokyo. 
Table 1. Potential reduction in truck deliveries for each retail segment 
 # of stores Total number of truck deliveries Reduction 
Department stores 49 6,934 483 deliveries 7.0% 
GMS 429 13,580 631 deliveries 4.6% 
Home centers 26 962 102 deliveries 10.6% 
Specialty stores 143 3,165 433 deliveries 13.7% 
Shopping Centers 28 3,934 589 deliveries 15.0% 
“Fashion buildings” 74 5,468 493 deliveries 9.0% 
Total 749 34,043 2,731 deliveries 
Note: GMS, abbreviating General Merchandise Store, means a store selling mainly daily foods, clothes, and living goods by sel f-
service. In “Commercial Statistics”, the term of “General Supermarket” is used instead of GMS. It is often said that Japanese GMS 
deals with more daily foods than other. 
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However, while the estimates generated by Akiyama and Yano (2009) considered the characteristics of 
data for each retail segment when calculating the potential reduction in truck deliveries, those estimates 
were based on the average number of truck deliveries per unit of floor space for all retail segments, and 
the standard deviation. In this paper, we will estimate the potential reduction more precisely, applying 
concrete methods to reduce truck deliveries based on the analysis on characteristics of truck movements in 
the commercial districts with a high concentration of stores. 
The five methods most frequently used to reduce truck deliveries are summarized below (A) – (E). In 
addition to identifying the transportation method used, we listed (in parentheses) some representative 
examples of companies that have actually employed the method to reduce deliveries. The first three 
methods listed are ways to reduce the number of truck deliveries to retail stores. The other two are ways to 
improve loading efficiency or adjust the timing of deliveries. This would not necessarily reduce the 
number of deliveries to a single store, but it might help to reduce the number of deliveries to a given 
commercial district. This study seeks to estimate the potential for reducing truck deliveries via the first 
three methods. Further research is needed to estimate the potential to reduce truck deliveries via methods 
(D) and (E). 
(A) Consolidation of merchandise for multiple stores, to reduce the number of truck deliveries 
Examples of distribution companies that have consolidated deliveries to retailers in this way: 
x  Consolidated deliveries of apparel on hanger racks (World Supply Co., Ltd.) 
x  Consolidated deliveries of refrigerated or frozen foods (Logistics Network,) (Kibun Fresh 
System Co., Ltd.) 
(B) Consolidation of merchandise at a distribution center established by the retailer, and subsequent 
delivery of the consolidated shipments to a store, to reduce the number of truck deliveries 
x Merchandise consolidation and delivery system established by a department store (Mitsukoshi 
Ltd.) (Daimaru Matsuzakaya Department Stores Co., Ltd) 
(C) Shift from the use of small trucks and vans to large trucks, to reduce the number of deliveries 
(D) Improvements to loading efficiency of merchandise to reduce the number of truck deliveries 
x Efficiency improved by reducing the waiting time for loading/unloading 
(E) Changes to the delivery schedule or delivery timing, to reduce total truck deliveries 
x Delivery schedules rationalized and timing adjusted to improve the efficiency of delivery routes 
 
Number of truck deliveries per 
sector/store
Location of store
Floor  space (m2)
Number of truck deliveries per m2 per 
sector/store
Delivery vehicles by size 
Number of truck deliveries per m2
per sector/ commercial district
Identification of commercial district
Number of reduced truck deliveries 
per m2 per commercial district
Data distribution for trcck deliveries
per m2 per sector/store
Number of reduced truck deliveries 
per m2 per sector in Tokyo
Research items in 2009
Research items in 2011
 
Fig. 1. Comparison of flowchart used to estimate the potential for reducing truck deliveries in this study, and the one used by Yano 
and Akiyama (2009) 
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The differences between the flowcharts used to estimate the potential for reducing truck deliveries, in 
Akiyama and Yano (2009) and in this study in 2011 are illustrated in Fig. 1. 
3. Differences in the potential reduction based on the characteristics of the commercial district 
3.1. Characteristics of the commercial district 
The previous study by Akiyama and Yano (2009) indicated that there were differences in the number 
of truck deliveries per unit of floor space to large-scale retail stores which were not related to the total 
floor space of the stores. Based on that study, we can hypothesize that the number of truck deliveries to a 
particular commercial district is influenced by the type of retail stores located in the district. By 
quantifying the number of truck deliveries per store in large-scale commercial facilities, and then 
categorizing the data according to the type of retail store (retail segment) and comparing data for each 
segment, it is possible to determine the impact of retail store type on truck shipments. 
Using this hypothesis, we analyzed the characteristics of each commercial district by classifying the 
data on truck deliveries to 705 large-scale retail stores, used in Akiyama and Yano (2009), according to 
district. We examined commercial districts with more than ten large-scale retail stores, as listed in 
Commercial Statistics of the Metropolis of Tokyo (2007). Such districts are likely to benefit from district-
wise consolidation. Although this statistics define commercial districts by local jurisdiction, we redefined 
them based on actual location. Thus, districts that were classified separately, in the list, were in some 
cases treated as the same district in our analysis, if their locations were contiguous (for example, the 
districts located in front of each exit from a single train/subway station). 
We could not gather data on the number of truck deliveries for all large-scale retail stores in the 
commercial districts analyzed. If there was no data on a particular store, we estimated the number of truck 
deliveries to the store using a methodology that we will explain later. 
The outline of the 13 commercial districts used in our analysis – those with a high concentration of 
stores - is as shown in Table 2. The number of retail stores in each district varies from 92 in Shinmachi to 
952 in Shinjuku. The ratio of floor space in large-scale stores to total sales floor space in the district 
ranges from 28.7% in Harajuku/Omotesando to 94.4% in Yurakucho/Hibiya. Although these commercial 
districts basically consist of three types of stores (department stores, specialty stores, and fashion 
buildings), there are some commercial districts that contain only specialty stores, and some districts that 
include supermarkets or home centers. However there are no districts with shopping centers, as this type 
of retail format is located only in the suburbs. 
The characteristics of the number of truck deliveries to each commercial district were analyzed using 
standard figures for the number of truck deliveries per unit of floor space. First, a standard score is 
calculated for each large-scale retail store, based on the type of store. Then, an average standard score is 
calculated for each district. The calculated average is assumed to indicate the unit figure for truck 
deliveries to the district (per unit of floor space). The results, shown in Fig. 2, indicate that the Ikebukuro 
district has the largest average standard score, followed by the Shinjuku district. These two districts also 
show larger range of standard score than other districts. 
There seems to be strong correlation between total sales value and the number of truck deliveries per 
unit of floor space. However, the average standard score for number of truck deliveries per unit of floor 
space does not correlate with the annual sales per unit of floor space, as shown in Fig. 3. 
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Table 2. Outline of commercial districts with a high concentration of stores (Source: Metropolis of Tokyo (2007), Commercial 
Statistics ) 
 
Name of 
commercial district 
with a high 
concentration of 
stores 
Retail stores in the 
districts 
Large-scale stores Floor space by type of stores (m2˅ 
Number Annual 
sales 
(million 
yen) 
Number Ratio of 
large-scale 
stores /total 
floor space 
Dept. 
store 
GMS Home 
center 
Specialty 
store 
Shopping 
center 
“Fashion 
building” 
Yurakucho/Hibiya   268  149 288   10 94.4% 66112 0 0 19918 0 17752 
Surugadaishita   184  41 579   11 49.2% 0 0 0 16562 0 0 
Akihabara   300  132 901   12 40.0% 0 0 0 67364 0 2813 
Ginza   946  501 215   27 58.0% 103789 0 0 36115 0 51632 
Harajuku/ 
Omotesando 
  927  140367   20 28.7% 0 4496 0 35846 0 40169 
Shinjuku   952  947 784   37 82.8% 207744 2879 0 94419 0 65488 
Kamata   630  82 816   10 44.9% 0 10006 0 13460 0 30729 
Shibuya   877  424 583   28 65.1% 124907 0 0 41326 0 57007 
Ikebukuro   809  541 322   24 89.6% 226227 0 6390 29604 0 96196 
Tachikawa   606  199 095   16 87.6% 75367 17508 0 15064 0 72275 
Kichijoji   865  186 615   16 72.7% 64171 11971 0 40070 0 33737 
Shinmachi   92  29 684   10 66.7% 0 6524 4563 8683 0 0 
Machida   699  202 488   21 81.0% 66218 19874 0 37058 0 47740 
 
 
Fig. 2. Range of standard score of the unit number of truck deliveries per floor space 
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Fig. 3. Annual sales per unit of floor space and average standard score for number of truck deliveries per unit of floor space 
3.2. Estimate of the number of truck deliveries 
Before calculating the potential reduction, it is necessary to estimate the number of truck deliveries to 
large-retail stores that do not have any data available. We used two methods to estimate this. 
The first method uses the average of unit number of truck deliveries per unit of floor space by type of 
store, without considering the characteristics of the commercial district.  
 
Tijk : Number of truck deliveries to k store in i type of stores in j district  
Sijk : Floor space of k store in i type of stores, in j district 
Ui : Average of unit number of truck deliveries per floor space in i type of stores 
     
The second method is used to adjust figures based on the characteristics of the commercial district. 
The average standard score for number of truck deliveries per unit floor space in the district reflects the 
characteristics of the district. The number of truck deliveries is estimated as follows, using the average 
standard score. 
 
Uij : Average of unit number of truck deliveries per floor space in i type of stores in j district 
ASUj : Average of standard score of unit number of truck deliveries per floor space in j district 
SDUi : Standard deviation of unit number of truck deliveries per floor space in i type of stores 
 
Lacking data are estimated by two ways. Adding the estimated results to the data we already have, the 
number of truck deliveries to commercial districts are shown at the right two rows in Table 3. 
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Table 3. Outline and estimated number of truck deliveries by districts 
 
Name of  commercial 
district with a high 
concentration of stores 
Annual sales per floor 
space (thousand yen / 
square meter) 
Standard score for stores with 
number of truck deliveries 
Estimated number of truck deliveries 
for all large-scale retail stores 
Total Large-scale 
retail stores 
Average Max Min Using average 
standard score in 
district 
Using average for 
the type of store 
Yurakucho/Hibiya 2.29 2.27 44.9 51.7 39.0 338 444 
Surugadaishita 1.12 0.95 48.5 49.7 47.3 79 93 
Akihabara 2.58 1.65 49.1 56.1 44.3 283 298 
Ginza 2.16 1.74 46.3 56.5 35.1 815 1,001 
Harajuku/ 
Omotesando 1.28 1.30 45.3 50.5 39.2 397 573 
Shinjuku 2.69 2.63 49.8 68.9 37.8 2,296 2,307 
Kamata 1.32 1.36 46.3 54.8 41.7 575 615 
Shibuya 1.83 1.83 48.5 73.9 41.0 1,276 1,360 
Ikebukuro 1.74 1.72 51.1 82.9 42.8 2,511 2,422 
Tachikawa 1.14 1.09 44.3 56.1 39.2 746 1,010 
Kichijoji 1.13 1.03 45.0 62.5 35.0 626 783 
Shinmachi 0.74 0.59 47.5 61.6 43.0 112 128 
Machida 1.18 1.21 46.2 64.8 39.2 751 922 
3.3. Size of trucks 
The size of vehicle is important when considering the potential to reduce truck deliveries. Data on the 
size of vehicles used for deliveries to the 750 large-scale retail stores in our study are shown in Fig. 4. 
Small trucks are generally used to make deliveries to department stores, “fashion buildings”, and 
specialty stores. Since these stores account for a large percentage of the stores in the commercial districts 
we studied, we would expect there to be a high potential to reduce the number of truck deliveries using 
methods (A)-(C). 
Factors other than the type of retailer may also influence the size of trucks used to make deliveries. We 
calculated standard figures for the percentage of “large trucks” used in delivering goods to each large-
scale retail store (deliveries made using large trucks, as a percentage of total deliveries). The average, 
minimum, and maximum figures for each district are shown in Fig. 5. The average standard scores for the 
Kamata and Tachikawa commercial districts, which are on the outskirts of Tokyo, exceed 50, suggesting 
that larger trucks are used by large-scale retailers in these districts. On the other hand, the average scores 
for all “downtown” districts except Akihabara are less than 50. 
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Fig. 4. Size of delivery vehicles by type of stores 
 
Fig. 5. Range of standard score of ratio of trucks larger than medium size by commercial districts 
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4. Estimate of potential reduction 
The characteristics of each store, including its retail segment and location, affect the size of trucks used 
to deliver to the commercial districts where they are located. Based on this relationship, we have 
estimated the number of truck deliveries for each district, and the potential for reduction. 
4.1. Estimate of the number of truck deliveries, broken down by truck size 
Based on the estimates for total of truck deliveries, which we calculated in section above, we have 
used two methods to estimate the likely number of deliveries for trucks of each size. 
The first method uses the ratio of truck size for each type of store without considering the various 
conditions of the commercial district. 
 
                                                                                                                            (1) 
 
Tijkl : Number of truck deliveries to k store by l type of truck in i type of stores in j district  
Tijk : Number of truck deliveries to k store of truck in i type of stores in j district  
Wil : Ratio of l type truck to i type of stores 
     
The second method uses the characteristics of the commercial district to calculate an average standard 
score for the ratio of large trucks used in the district. 
 
                                                                                                                         (2) 
 
Wijl : Ratio of l type truck to i type of stores in j district 
ASWjl : Average of standard score of the ratio of l type truck in j district 
SDWil : Standard deviation of ratio of l type of truck in i type of stores 
 
Adding these estimates to the data already compiled, we provide a breakdown for the number of truck 
deliveries to each commercial district, according to truck size. These estimates are shown in Table 4. 
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Table 4. Standard ratio of “large trucks” (“medium-size” or larger) and estimated number of trucks for each size category 
 
Name of 
commercial district 
with a high 
concentration of 
stores 
Standard score for percentage of 
trucks that are “medium-size” or 
larger 
Estimated number of trucks using 
the average of type of stores 
Estimated number of trucks using 
average standard score for 
percentage of trucks that are 
“medium-size” or larger 
Average Max Min Less than 
medium 
Medium 
or larger 
Total Less than 
medium 
Medium 
or larger 
Total 
Yurakucho/Hibiya 42.9 43.6 41.2 382 62 444 337 1 338 
Surugadaishita 43.0 44.9 41.2 65 28 93 73 6 79 
Akihabara 51.9 66.9 41.2 157 135 292 141 135 277 
Ginza 44.6 54.1 41.2 811 174 986 750 50 800 
Harajuku/ 
Omotesando 46.8 70.9 41.2 470 166 637 345 52 397 
Shinjuku 45.7 63.3 41.2 1,760 548 2,307 1,857 439 2,296 
Kamata 57.8 64.2 41.3 189 426 615 152 423 575 
Shibuya 44.3 65.0 41.2 1,011 269 1,280 1,063 133 1,196 
Ikebukuro 43.8 56.5 24.8 1,957 466 2,422 2,259 252 2,511 
Tachikawa 56.4 82.4 34.2 504 506 1,010 259 488 746 
Kichijoji 46.7 54.1 41.2 507 162 668 428 74 501 
Shinmachi 46.6 66.9 38.3 80 47 127 79 32 111 
Machida 45.5 63.5 34.2 726 196 922 656 95 751 
4.2. Estimates of potential reduction 
In most commercial districts, smaller vehicles such as station wagon and small trucks account for the 
majority of deliveries, as above mentioned. If deliveries made by smaller vehicles are consolidated, and 
delivered to same store or district by larger trucks, the number of truck deliveries will decrease. In order 
to check this assumption, we examine the relationship between the number of truck deliveries to each 
type of store and the percentage of all deliveries made by “medium-size” or larger trucks, as shown in Fig. 
6. 
Apart from home centers and shopping centers, many large-scale retail stores receive no deliveries at 
all via large trucks. Especially for stores that have a lower average number of truck deliveries per unit of 
floor space, it is difficult to deliver goods using large trucks because the amount of products delivered is 
so small. We therefore have excluded stores which have a lower-than-average number of truck deliveries 
per unit floor space, as well as stores that receive no deliveries from large trucks. 
After dividing large-scale retail stores into two groups, based on the percentage of truck deliveries 
made by medium-size or larger trucks, Table 5 compares the two groups in terms of the average number 
of truck deliveries per unit of floor space. In the case of department stores, the average number of trucks 
is 0.0056 / square meter per day for those that use small trucks, and 0.045 trucks / square meter per day 
for stores that mainly use larger trucks. The difference between these averages is about 20%. If a large-
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scale retail store which mainly uses smaller vehicles shift to using larger trucks, we can surmise that the 
number of truck deliveries generally decreases by 20%. So we used this average to calculate the potential 
for reducing truck deliveries. But, since the difference between the averages of two groups was not 
proven statistically, this needs to be examined by further research. 
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Note: Vertical axis is number of truck deliveries per unit of floor space 
horizontal axis is percentage of trucks that are “ medium-size” or larger 
Fig. 6. Distribution of percentage of trucks that are “ medium-size” or larger, and number of truck deliveries per unit floor space, for 
each type of store 
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Table 5. Comparison of average number of truck deliveries between group using larger trucks and group using smaller trucks 
(trucks/m2/day) 
 
Type of stores 
Group A: the ratio of 
trucks larger than 
medium is below the 
average(A) 
Group B: the ratio of trucks 
larger than medium is above 
the average(B) 
Ratio of the averages of number 
of truck deliveries between groups 
(B)/(A) 
Department store 0.0056 0.0045 80.3% 
GMS 0.0119 0.0095 80.1% 
Home center 0.0083 0.0031 37.7% 
Specialty store 0.0100 0.0046 45.9% 
˯hopping center 0.0092 0.0041 44.5% 
“Fashion building” 0.0158 0.0099 63.0% 
 
If the ratio of larger trucks is below average and the number of truck deliveries per unit of floor space 
is above average, the potential reduction for the large-scale retail store can be calculated as following. 
 
(potential reduction) = (floor space) * (number of trucks per floor space) 
* (1 - ratio of the averages)                                                                          (3) 
 
The totals for each commercial district are shown in Table 6. 
Table 6. Potential reduction of number of truck deliveries by commercial districts 
 
Name of the commercial 
district with a high 
concentration of stores 
Potential reduction of number of truck 
deliveries 
Ratio of reduction 
Using average 
of type of stores 
Using average of 
standard score of ratio 
of trucks larger than 
medium in the district 
Using average 
of type of stores 
Using average of 
standard score of ratio 
of trucks larger than 
medium in the district 
Yurakucho/ Hibiya 103 24 23.2% 7.1% 
Surugadaishita 46 38 49.4% 48.6% 
Akihabara 98 26 33.4% 9.4% 
Ginza 304 226 30.8% 28.3% 
Harajuku/ Omotesando 220 114 34.5% 28.8% 
Shinjuku 459 454 19.9% 19.8% 
Kamata 50 6 8.1% 1.0% 
Shibuya 359 327 28.1% 27.3% 
Ikebukuro 618 653 25.5% 26.0% 
Tachikawa 247 56 24.5% 7.5% 
Kichijoji 158 108 23.7% 21.4% 
Shinmachi 53 44 41.3% 39.5% 
Machida 222 147 24.1% 19.6% 
Total 2,936 2,222 24.9% 21.0% 
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Basically, the potential reduction using an average standard score to reflect the characteristics of the 
district is less than that using average of type of store, except for in the Ikebukuro commercial district 
where the number of truck deliveries per unit of floor space is above average. The potential reduction is 
limited when taking account of the characteristics of the district, especially in Kamata and Tachikawa, 
where larger trucks are mainly used and the number of truck deliveries per floor space is smaller. The 
potential reduction is larger, by comparison, for Surugadaishita and Harajuku / Omotesando, where many 
specialty stores or “fashion buildings” are located and smaller trucks are generally used to deliver 
merchandise. 
5. Conclusion 
By analyzing data on the number of truck deliveries to large-scale retail stores, we estimated total 
truck deliveries and the potential reduction in truck deliveries for each commercial district taking into 
account the characteristics of each district. 
The study indicates that the average truck deliveries to commercial districts are lower than to non 
commercial districts, and the difference is strongly related to the retail segment of stores and the 
characteristic of the district they locate. This means that the truck deliveries to a commercial district by 
considering only the characteristics of each retail segment, as employed by Akiyama and Yano (2009), 
are possibly overestimated. 
And the study indicates that the average ratios of trucks larger than medium in commercial districts are 
almost lower than in non commercial districts. But even if the store uses few larger trucks, there aren’t 
much rooms for the reduction of the truck deliveries, since the number of their truck deliveries originally 
few. This means that the potential reduction by considering only the characteristics of each retail segment, 
as employed by Akiyama and Yano (2009), are also possibly overestimated. 
According to our estimation based on these suggestions, the biggest difference of the ratio of potential 
reduction between when using average of type of stores and when using average of standard score of ratio 
of trucks larger than medium in the district is 24.0%, among the 13 commercial districts. In order to 
determine why this is the case, more detailed analysis of the statistics, including the type of merchandise 
sold, will be necessary. Further studies on the potential for reduction, such as through case studies of 
successful efforts to reduce truck deliveries at such stores, will also be needed. 
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